Observations of carbon monoxide emission in high-redshift (z > 2) galaxies indicate the presence of large amounts of molecular gas. Many of these galaxies contain an active galactic nucleus powered by accretion of gas onto a supermassive black hole, and a key question is whether their extremely high infrared luminosities result from the active galactic nucleus, from bursts of massive star formation (associated with the molecular gas), or both. In the Milky Way, high-mass stars form in the dense cores of interstellar molecular clouds, where gas densities are n(H 2 ) > 10 5 cm 23 (refs 1, 2). Recent surveys show that virtually all galactic sites of high-mass star formation have similarly high densities 3 . The bulk of the cloud material traced by CO observations, however, is at a much lower density. For galaxies in the local Universe, the HCN molecule is an effective tracer of highdensity molecular gas 4 . Here we report observations of HCN emission from the infrared-luminous 'Cloverleaf ' quasar (at a redshift z 5 2.5579). The HCN line luminosity indicates the presence of 10 billion solar masses of very dense gas, an essential feature of an immense starburst, which contributes, together with the active galactic nucleus it harbours, to its high infrared luminosity.
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The Cloverleaf is one of about 25 galaxies observed in the epoch of galaxy formation (z . 2) in carbon monoxide (CO) emission. The Cloverleaf (also known as H1413þ117) has its optical and CO emission imaged into four components by a gravitational lens. The first detection of the Cloverleaf in molecular line emission was that of CO(J ¼ 3-2) (ref. 5 ). It has now been observed 6 in four transitions of CO, with a weighted mean redshift for the CO emission of z ¼ 2.5579, and also in the atomic carbon fine-structure lines 6, 7 . A recently constructed source-lens model (see ref. 8 for a discussion of this and other Cloverleaf lens models), based on high-resolution images of CO(J ¼ 7-6) emission, shows that the Cloverleaf contains an extensive molecular disk with a diameter of 1.6 kpc.
CO emission, in this source and in general, is the best tracer of molecular clouds, the potential fuel for star formation and a major component of interstellar matter. But the low density required for excitation of CO, n(H 2 ) . 300 cm 23 , means that it is not a specific tracer of molecular cloud cores or star formation rates. In contrast, HCN is a specific tracer of cloud cores. The first observed correlation 4 between HCN(J ¼ 1-0) luminosity and infrared luminosity (L IR ) for galaxies has recently been expanded to cover many more 9 . The HCN-IR correlation for galaxies, which extends over three orders of magnitude in L IR , is linear. Unlike L IR /L 0 CO , the ratio of L IR /L 0 HCN does not increase with L IR , indicating that the star formation rate per unit dense molecular gas is the same for ultraluminous galaxies and normal spiral galaxies. (Here L 0 indicates line luminosity; see below.) Observation of a high HCN line luminosity would strongly indicate the presence of high-mass star formation in the Cloverleaf, and to that end we have used the NRAO Very Large Array (VLA) to search for HCN(J ¼ 1-0) emission.
The VLA image ( Fig. 1 ) of line plus continuum for seven spectral channels shows the line clearly at the position of the quasar in the four centre channels. The spectrum of the HCN emission ( Fig. 2 ) has a similar profile to that of the CO(J ¼ 7-6) emission 10 . The HCN emission is clearly detected with a peak line flux density of six times the r.m.s. noise, S peak ¼ 0.24^0.04 mJy. Table 1 summarizes the observed and derived (intrinsic) quantities, including the ratios L IR /L 0 HCN and L 0 HCN /L 0 CO . The line luminosities L 0 are a measure of the surface brightness times area in brightness temperature units 11 . Two lines with the same spatial extent, velocity profile, and brightness temperature T b will have the same L 0 regardless of transition or line frequency. All the luminosities in Table 1 are corrected for lens magnification, using the results of a lens model 8 based directly on a CO(J ¼ 7-6) image. This model leads to a derived CO disk diameter of 1.6 kpc, similar to that of the CO emitting regions in nearby starburst ultraluminous galaxies 12 . It should be noted that the diameter of the dust emission region, responsible for producing the infrared (IR) luminosity, has been determined 13 to be 1.5 kpc from a comparison of models of radiation transfer in the dust with the observed spectral energy distribution. Thus, both the molecular and IR emission originate in extended regions of the same size. In this respect, the Cloverleaf is similar to PSS J2322 þ 1944, where the molecular gas in a ring surrounding a quasar has been directly imaged using gravitational lensing 14 .
The Cloverleaf HCN(1-0) line luminosity is larger by a factor of 100 than that of normal spiral galaxies. The only galaxies with HCN line luminosities comparable to that of the Cloverleaf are ultraluminous IR galaxies. The intrinsic HCN line luminosity of the Cloverleaf is a factor of about two higher than that of the lowredshift ultraluminous IR galaxy Mrk231, the most luminous object in the local Universe, and a factor of three higher than that of Arp220, the prototype ultraluminous IR galaxy. To put this in perspective, the Cloverleaf intrinsic HCN line luminosity is ten times greater than the CO line luminosity of the Milky Way. A large HCN line luminosity is a clear indicator of a large mass of dense star-forming molecular gas. Assuming that the HCN emission originates in dense gravitationally bound regions of average density n(H 2 ) ¼ 3 £ 10 4 cm 23 and intrinsic brightness temperature T b ¼ 50 K, the mass of dense gas is about 7 £ L 0 HCN , or 2 £ 10 10 solar masses. (The gas mass scales as n 1/2 /T b for gravitationally bound clouds.)
In star formation models, the star formation rate is proportional to the IR luminosity of dust heated by embedded recently formed high-mass stars. The ratio L FIR /L 0 HCN is a measure of the star formation rate per unit mass of dense gas 4 (L FIR , far-IR luminosity). L 0 CO is an indicator of the total molecular gas, because the CO transitions are so easily excited. The ratio L 0 HCN /L 0 CO is a measure of the fraction of all molecular gas that is in dense star-forming cloud cores. This fraction is much higher in ultraluminous IR galaxies than in normal spirals. For the Cloverleaf, L IR /L 0 HCN is about a factor of 5 times higher than typical ultraluminous IR galaxies, and L 0 HCN /L 0 CO is half that of Arp220 and a factor of 3 less than that of Mrk231. In making this comparison, we have assumed that the brightness temperature of the CO(J ¼ 1-0) line is 1.1 times the J ¼ 3-2 line 7 . (One possibility that we have not considered is that the magnification for the molecular emission and the IR emission are different, which could distort the intrinsic ratios. The similar sizes deduced for the molecular disk and the dust emission is evidence that the magnification is the same for both.)
The molecular and IR luminosities for the Cloverleaf show that star formation in the large mass of dense molecular gas indicated by the HCN luminosity could account for a substantial fraction, but not all, of the IR luminosity from this quasar. Using Arp220 as a standard for the luminosity ratio L FIR /L 0 HCN , star formation in the dense molecular gas could account for 5 £ 10 12 times the solar luminosity or about 20% of the total intrinsic IR luminosity. Using normal spirals as a standard for the ratio 4,9 L IR /L 0 HCN would lead to a lower limit of 10%, while using the highest ratio for an ultraluminous IR galaxy gives an upper limit of 40%. A recent model 7 of the IR spectral energy distribution of the Cloverleaf has two distinct components: one with a warm dust temperature T d ¼ 115 K responsible for the mid-infrared, and a second much more massive Table 1 Observed and derived (intrinsic) quantities letters to nature component with T d ¼ 50 K that produces the far-infrared. The farinfrared luminosity, 22% of the total, may correspond to the luminosity generated by star formation deduced above. The ratio L FIR /L 0 HCN ¼ 1,700 is then comparable to that of ultraluminous IR galaxies.
Adopting the Arp220 comparison for the expected ratio L FIR / L 0 HCN yields a star formation rate of 10 3 solar masses per year for the Cloverleaf, 300 times the rate in the Milky Way and 30 times greater than that of optical-ultraviolet starburst galaxies. The dense gas depletion time or starburst lifetime is about 10 7 years. Thus, in addition to the quasar, the Cloverleaf galaxy appears to have a huge starburst, more luminous than any optical starburst and comparable to that in ultraluminous IR galaxies. A Physical processes that could facilitate coherent control of light propagation are under active exploration [1] [2] [3] [4] [5] . In addition to their fundamental interest, these efforts are stimulated by practical possibilities, such as the development of a quantum memory for photonic states [6] [7] [8] . Controlled localization and storage of photonic pulses may also allow novel approaches to manipulating of light via enhanced nonlinear optical processes 9 . Recently, electromagnetically induced transparency 10 was used to reduce the group velocity of propagating light pulses 11, 12 and to reversibly map propagating light pulses into stationary spin excitations in atomic media [13] [14] [15] [16] . Here we describe and experimentally demonstrate a technique in which light propagating in a medium of Rb atoms is converted into an excitation with localized, stationary electromagnetic energy, which can be held and released after a controllable interval. Our method creates pulses of light with stationary envelopes bound to an atomic spin coherence, offering new possibilities for photon state manipulation and nonlinear optical processes at low light levels. Several techniques to generate stationary light pulses in an atomic medium have recently been proposed theoretically 17, 18 . The present work is related conceptually to the ideas of ref. 18, but here we use a different approach that involves spatial modulation of the absorptive properties of the medium. The use of such a dissipative effect for coherent control of light is a novel phenomenon, closely related to earlier work on matched pulse propagation in electromagnetically induced transparency (EIT) 2, 19 . Although there exists a substantial body of work on localization of light in random dielectrics 20 , Bragg gratings and photonic bandgap materials 21-23 , the unique feature of the present method is that it allows accurate control of the creation of a stationary light pulse and its release.
The present method can be understood qualitatively by considering a three-state 'lambda' configuration of atomic states (Fig. 1a) . A large ensemble of N atoms is initially prepared in the ground state, jgl. We use forward and backward control beams, with time varying Rabi frequencies Q þ (t) and Q 2 (t), respectively, to manipulate a weak pulse of signal light. In our experimental realization, the two control fields have identical frequencies but opposite propagation directions. The usual EIT 10 corresponds to simultaneous propagation of the forward control and signal beams. When their frequency difference matches the level splitting between the ground state and a metastable ('spin-flipped') state (jsl) the medium becomes transparent for the signal light, while the sharp atomic dispersion allows one to slow and localize an input signal pulse in the medium 11, 12 . By turning the control beam off while the pulse is in the medium 13 , the signal amplitude vanishes while its state is stored in a stationary spin coherence. This atomic excitation can be converted back into a light pulse, propagating in the forward or the backward direction, by application of the corresponding control beam [14] [15] [16] . The atomic coherence can be converted into a stationary photonic excitation if the medium is illuminated simultaneously by forward and backward control beams. Specifically, if the two create a standing wave pattern, the EIT suppresses the signal absorption everywhere but in the nodes of the standing wave, resulting in a sharply peaked, periodic modulation of the atomic absorption for the signal light (Fig. 1b) . Illumination by these beams also results in partial conversion of the stored atomic spin excitation into sinusoidally modulated signal light, but the latter cannot propagate in the medium owing to Bragg reflections off the sharp absorption peaks, resulting in vanishing group velocity of the signal pulse. Only after one of the control beams is turned off does the pulse acquire a finite velocity and can thus leave the medium in the direction of the remaining control beam.
To quantify these effects theoretically, we consider the interaction of atoms with resonant optical fields, represented by plane waves. We decompose the signal field into components propagating in the forward and backward directions along the z axis with wavevectorŝ k and slowly varying amplitudes E^. Following refs 13 and 18, we introduce two components W^of a coupled excitation of light and an atomic spin wave ('dark-state polariton') corresponding to forward and backward signal fields, respectively. In the experimentally relevant case of small group velocities, the polariton components are represented by W^¼ g ffiffiffiffi N p E^=Q^; where g is the atom-
